In this report, we described the synthesis and characterization of a variety of diaminotriarylmethane derivatives with dimethylamino functional groups. These compounds were synthesized by the tandem regio-selective electrophilic aromatic substitution reaction of N,N-dimethylaniline with aryl aldehydes to form the corresponding diaminotriarylmethane compounds. In our strategy, Bi(NO 3 ) 3 was used as a catalyst under solvent free conditions to afford the desired products in good to excellent yields.
Introduction
Perkin, an English scientist working under Hoffman, a German professor, discovered the first synthetic dye, and even today the geographical focus of dye production lies in Germany (BASF, Dystar), England (Avecia) and Switzerland (Clariant, Ciba Specialties). Far Eastern countries, such as Japan, Korea and Taiwan, as well as countries such as India, Brazil and Mexico also produce dyes [1] . Dyes may be classified according to their chemical structure or by their usage or application method. The former approach is adopted by practicing dye chemists, who use terms such as azo dyes, anthraquinone dyes, triphenylmethane dyes and phthalocyanine dyes. The later approach is used predominantly by the dye users, the dye technologists, who speak of reactive dyes for cotton and dispersed dyes for polyester. Very often, both terminologies are used, for example, an azo dispersed dye for polyester and a phthalocyanine reactive dye for cotton [1] . Triphenylmethane derivatives are hydrocarbons with the formula (R 1 -Ar-R 2 ) 3 CH, where R 1 and R 2 indicate different substituents, including hydrogen, halogen, alkyl and alkoxy groups [1] . The most important substituent is the amino group which is present in diaminotriphenylmethane (DTM) compounds. Important dyes belonging to this class include the well-known Leucomalachite Green and Crystal Violet, which are some of the oldest synthetic dyes (Scheme 1) [1-2].
Scheme 1. Two examples of diaminotriphenylmethane (DTM) compounds
Several reviews have appeared on di-and triphenylmethane derivatives [1] [2] [3] [4] . These compounds have a broad range of applications in color-forming, manufacturing of novel types of various colorless copying papers, pressure-sensitive and heat-sensitive materials, high-speed photocopying papers, light-sensitive papers, ultrasonic recording papers, electrothermic heat-sensitive Bi(NO 3 ) 3 •5H 2 O mediated synthesis of 4,4'-diaminotriarylmethane leuco malachite compounds under solvent-free conditions recording papers, inks, crayons, type-written ribbons, and photoimaging systems [5] . In addition, they have rather specialized applications for biological and analytical purposes [6] [7] [8] [9] . Furthermore, they have particular structural properties in solid and solution phases [10] [11] [12] [13] [14] . A survey of the literature reveals that different methods for the preparation of the title compounds have been reported. One of the most useful methods for the synthesis of DTMs is the reaction of aryl aldehydes with N,N-dimethylaniline in the presence of an acid such as sulfuric acid, HCl, and p-TSA, as well as zeolites and montmorillonite K-10 [4, [15] [16] [17] [18] [19] [20] . Herein, our contribution is intended to extend the scope of the available lecuo base of diaminotriphenylmethane dyes, and to describe the application of a new catalyst in their synthesis. This process affords products in good to excellent yields and avoids the problems associated with the use of organic solvents. Avoidance of organic solvents during reactions in organic synthesis leads to a clean, efficient, and economical technology; with an increase in safety, simplicity of work up and reduction of costs.
Experimental Procedures

Materials
Aryl aldehydes and N,N-dimethylaniline were purchased from Merck. The solvents were analytical grade and used as received. Silica gel (Merck, grade 9385, 230 -400 mesh, 60 Å) for column chromatography was used as received. The course of the synthesis and purity of the products were followed by TLC on silica gel plates (Merck, silica gel 60 F254, ready to use), using ethyl acetate:n-hexane (1:4) as eluent. The eluent for PTLC was the same as the TLC eluent.
Instrumentation
Melting points were recorded using a Buchi B540 melting point apparatus and were uncorrected. 1 H and 13 C NMR spectra were obtained using a Bruker (DRX-500 Avance) NMR spectrometer at ambient temperature. 1 H NMR spectra were referenced to tetramethylsilane (0.00 ppm) and 13 C NMR spectra are referenced to the solvent central peak (for example, 77.23 ppm for CDCl 3 ). Chemical shifts are given in ppm. IR spectra were taken as thin films for liquid compounds and as KBr pellets for solids on an ABB Bomem MB-100 FTIR spectrophotometer. Important IR features are reported as characteristic bands (cm -1 ) at their maximum intensity. The letters br designate a broad signal.
A vial equipped with a stir bar was charged with aryl aldehyde (0.5 mmol, 1 eq), N,N-dimethylaniline (1.5 mmol, 3 eq) and Bi(NO 3 ) 3 •5(H 2 O) (25 mol%) and the vial was capped. The resulting mixture was heated in an oil bath at 120°C for 2 -4 h, and the course of the reaction was monitored using TLC on silica gel with ethyl acetate:n-hexane (1:4) as eluent. Finally, the reaction mixture was cooled and the crude mixture was purified by column chromatography to give the desired product. 
Results and Discussion
Our investigations show that N,N-dimethylaniline reacts smoothly with aryl aldehydes in the presence of a catalytic amount of Bi(NO 3 ) 3 to afford the corresponding DTMs in good to excellent yields (Scheme 2). At first, we focused on the reaction of benzaldehyde and N,N-dimethylaniline as a model reaction in various conditions (solvent, solvent-free and microwave irradiation). Various protic and aprotic solvents, including dimethylsulfoxide, N,N-dimethylformamide, dichloromethane, ethanol, diethyl ether and n-hexane were examined and the best results were obtained in solvent-free conditions without microwave irradiation. In a typical procedure, the reaction of benzaldehyde (0.50 mmol, 1 eq) and N,N-dimethylaniline (1.50 mmol, 3 eq) in the presence of Bi(NO 3 ) 3 •5(H 2 O) (25 mol%) under solvent-free conditions at 120°C in a sealed tube for 4 h afforded Leucomalachite Green 3e in 78% yield ( Table 1 . It is well known that the dominant mechanism for production of DTMs from the reaction of aldehydes and N,N-dimethylaniline can be attributed to a tandem regioselective electrophilic aromatic substitution reaction. We believe that bismuth nitrate activates aryl aldehydes for nucleophilic attack, whether by producing nitric acid or coordinating to the carbonyl oxygen. If we accept the aforementioned mechanism, one can expect the general effect of electron-donating and electronwithdrawing groups on the feasibility of the reaction. It is obvious that electron-rich systems such as aromatic rings with electron donating groups (-Me, -N(Me) 2 ) decrease the yield of the reaction ( Table 1 , entries 6 and 7). Electron-withdrawing groups such as halo and nitro subtituents at the para positions of the aryl aldehydes increase the electrophilicity of the carbonyl group and result the desired products in excellent yields ( Table 1 , entries 1 -4). In addition, good yields were obtained with an electron-withdrawing nitro-substituent at the ortho and meta position of benzaldehyde ( Table 1 , entries 8 and 9). The presence of a nitro group in the ortho position increases the induction effect of NO 2 (due to the closer distance) but at the same time decreases the resonance effect due to the steric effect. A simliar trend was obtained when ortho-chloro benzaldehyde or 2,4-dichlorobenzaldehyde were used ( Table 1 , entries 3, 10 and 11). As expected, the placement of a nitro group in the meta-position reduces the yield in comparison with an ortho-nitro group, presumably through a reduced resonance effect. For more details, the typical 1 H NMR and 13 C NMR spectra of 4,4'-diaminotriarylmethane compound 3k, along with its assignments, are presented in Fig. 1 . The signals labeled a and b, in 1 H NMR spectra are good evidence for the synthesis of the desired compound.
Scheme
2.
Bi(NO 3 ) 3 mediated synthesis of 4,4'-diaminotriarylmethanes
The results show the wide applicability of the presented method. Some previously reported data for synthesis of DTM 3a ( Table 1 , entry 1) were compared with our results in terms of the catalysts amounts, temperature, reaction time and percentage yields ( Table 2) . As one can see, our results show a very good comparability with previously reported data in terms of yields and reaction times. 
Conclusions
In summary, the use of Bi(NO 3 ) 3 •5(H 2 O) in solvent-free conditions has been demonstrated to be a useful catalytic method for the one-pot reaction of N,N-dimethylaniline with a variety of aryl aldehydes. Operational simplicity, high yields and environmentally friendly conditions are the advantages of this protocol.
